The operating microscope has made possible tremendous technical developments in ear surgery during the past two decades. Maybe there has been too much emphasis on technique to the detriment of good clinical judgment. However, one great advantage about learning to use the microscope has been that it has encouraged critical observation of the varied manifestations of chronic disease of the middle ear cleft and that it has made colour photography of the ear possible.'
The state of an ear involved in chronic disease represents the balance established between the progression of the disease on the one hand and the healing response within the middle ear cleft on the other. The result may be anything from a small healed deformity of the tympanic membrane to a cholesteatoma infiltrating widely throughout the temporal bone.
It is convenient to divide chronic suppurative otitis media into tubotympanic and attico-antral disease. Tubotympanic disease is confined to the mucous membrane of the eustachian tube and the tympanic cavity and is related to previous or persistent infection of the nose and postnasal space. The clinical course is benign and there is a good response to conservative or limited surgical treatment. A few advanced cases may require radical surgery.
'Practically all stages of development and types of chronic disease referred to in this Address were illustrated by appropriate colour photographs. Copies of these photographs will be made available for loan on request to the author The distinctive feature about attico-antral disease is the presence of an insidious keratinizing process of very varied morbidity. The 'focal area' of this disease tends to be Shrapnell's membrane, the posterior segment of the tympanic membrane and the specialized skin of the adjacent deep external auditory meatus. It is a striking feature that the eustachian tube, together with the anterior and inferior sections of the tympanum, may remain healthy, well ventilated and isolated from the disease in the attic and in the posterior tympanum.
Cholesteatoma and, to a lesser extent, cholesterol granuloma tend to dominate the clinical picture in attico-antral disease. Cholesterol granuloma is a nonspecific entity recognized histologically, occurring in any type of chronic otitis media where there is stasis, with mucosal cedema, exudate or hemorrhage. In cholesteatoma the characteristic feature is the presence within the middle ear cleft of a keratinizing, stratified squamous epithelium; there is a germinal layer or matrix which desquamates and the sheets of desquamated epithelium or keratin form the bulk of the cholesteatoma. Since cholesteatoma may obstruct the ventilation and drainage of the mastoid, creating stasis, exudation and possibly hkmorrhage, cholesterol granuloma and cholesteatoma may readily coexist.
Pathogenesis ofCholesteatoma
Three theories are usually quoted in discussion of the pathogenesis of cholesteatoma: (1) That it arises from a congenital epiblastic deposit. (2) That it is due to metaplasia of the tympanic mucous membrane caused by chronic irritation or inflammation. (3) That there is immigration of a keratinizing epithelium from outside the middle ear cleft.
Personal observation of the type of chronic disease which occurs in the North of England compels the author to support the immigration theory, mainly as a follower of Tumarkin (1961) but with some reservations about the exclusive influence he seems to attribute to eustachian tubal obstruction.
Anatomical Considerations (See Figs 1 & 2 for definition of the terms 'sinus tympani' and 'facial recess').
What then are the factors which determine the early development of cholesteatoma? The 'ventilation anatomy' of the middle ear cleft must have a bearing upon the manner of its response to the strains imposed, especially in early childhood. The affected temporal bone is usually hypocellular. Tumarkin (1958) argues reasonably that the pneumatization of the mastoid has been arrested in the early years of life by tubal obstruction, caused by upper respiratory virus infection. Surely this may also have left some mucosal thickening, adhesions or scarring to restrict the ventilation pathways around the ossicular chain. The eustachian tube is responsible for maintaining the ventilation of the whole middle ear cleft and also the balance of atmospheric pressure within and without the cleft. Bruce Proctor (1964) , from a detailed micro-anatomical study, indicates that ventilation of the middle ear cleft beyond the mesotympanum is dependent upon two narrow isthmuses outlined by mucosal folds and ligaments around the ossicular chain. These are the isthmus tympani anticus and the isthmus tympani posticus (Fig 3) . If either of these isthmuses, or the aditus itself, becomes obstructted, the middle ear cleft may be divided into compartments which no longer communicate with one another or with the eustachian tube.
Effect ofTubal Obstr-uction Consider therefore the effect of simple eustachian tubal obstruction. The two components of a healthy middle ear cleft immediately affected are the tympanic membrane which becomes retracted and the rich capillary blood circulation which absorbs oxygen and produces a relative vacuum.
This vacuum may be relieved or influenced in several ways: (I) By retraction of the membrana tensa.
(2) By rotation of the ossicular chain which may narrow the isthmuses. (3) By perforation of the tympanic membrane (or the introduction of a grommet). (4) By transudation of fluid replacing absorbed air and supporting the membrane. (5) By restoration of normal tubal patency. (6) By putting the patient in a decompression chamber.
Exudative otitis media is often the most troublesome feature of this syndrome; the familiar 'glue ear' may persist when the tubal obstruction has cleared. This 'glue' has a tremendous surface tension and must surely grip the under-surface of the drumhead, increasing retraction and affecting its nutrition. Thomas (1967) postulates a 'mucosal factor' which he thinks affects the nutrition not only of the membrane but also of the ossicles. It also seems reasonable to suggest that negative pressure changes within the mastoid cavity, or the pull of ciliary action within the eustachian tube, may be transmitted by the 'glue' to promote further retraction of the drumhead.
Tympanic Retraction Pockets
Under these various stresses and strains something has to give way; indeed a perforation of the tympanic membrane may be the simplest solution. The whole tympanic membrane may become thinned, retracted against the promontory and recessed into the sinus tympani and hypotympanum. A more common result of intratympanic negative pressure is the formation of retraction pockets into the attic or posterior segmenta condition which Tumarkin calls 'preepidermosis'. The actual retraction site is determined by the localization of the vacuum within the middle ear cleft. For example, retraction of Shrapnell's membrane may be due to a limited obstruction to the ventilation of Prussak's space or, if both isthmuses are obstructed, the vacuum develops in the mastoid and attic with more marked retraction into or beyond the attic. Meanwhile the mesotympanum may have recovered normal tubal function.
Another commonly observed deformity is retraction of the posterior segment of the membrana tensa. Somehow it loses its middle fibrous layer. This change is probably related to previous, possibly forgotten, otitis media or tubal obstruction. There is a two-layer membrane retracted behind the handle of the malleus, adherent to the promontory, wrapped round the long process of incus which may be eroded, in contact with the head of stapes and deeply invaginated under the annulus into the sinus tympani. In trying to determine why the posterior segment becomes thin and retracted it is well to remember that the isthmus tympani posticus connects the mastoid cavity with the upper end of the sinus tympani: hence, if the mastoid is isolated, the resultant vacuum may be transmitted through the isthmus (Fig 4) . Consequently an already thinned posterior segment is retracted still further into the sinus tympani and along the isthmus towards the mastoid. This is not just a theoretical argument but something which is frequently observed. On the subject of ventilation, the influence of gas exchange within the middle ear cleft may be relevant. This is well seen when a patient is aneesthetized with nitrous oxide and oxygen for microscopic examination of the ears. If ordinarily the posterior segment is grossly retracted, then following anesthesia it may be found grossly distended, provided it is not already adherent to the medial wall. This gas inflation occurs only where there is already some air present. If the middle ear is full of fluid nothing happensuntil paracentesis allows some air to enter. Then if the lips of the incision are sealed with mucus, the membrane immediately begins to distend with gas.
Retraction of posterior segment

Migration
In the normal ear the tympanic membrane and the deep canal skin are kept clean by the migration of surface keratin. Successful migration from retraction pockets in the attic or posterior tympanum may also prevent the development of active disease for many years or indefinitely. Failure of migration of keratin from a retraction pocket is associated sooner or later with infection. This may also occur on the surface of the tympanic membrane or on the deep canal skin, producing a condition resembling myringitis. At this stage microscopic suction clearance will control and prevent an extension of the disease. If neglected, infection goes on to ulceration of the epidermis and of the mucous membrane lining the pocket. This may progress to localized osteitis with bone absorption, signalled by the appearance of granulation tissue from the attic or the sinus tympani. The long process of the incus and the head and crura of the stapes are frequently destroyed in this way. Even though this local infection persists for many years, mucosal swelling around the ossicles may effectively prevent the spread of disease into the mastoid. Resolution of the local disease may occur leaving a thin posterior segment, possibly attached to the head or just to the footplate of the stapes; so one is back to the 'pre-epidermosis' stage-and there may never have been any symptoms of ear trouble.
Expansion ofCholesteatoma
In the less fortunate cases there is a quiet expansion of the retraction pocket with infection and failure of migration. Part of the pocket is shut off and the stage is set for a 'keratin explosion'. The 'explosion' may be damped off by otorrhexa or contained by mucous membrane. The cholesteatoma may have an encysted appearance, as though it were herniating into the tympanum or into the mastoid, often still covered by mucous membrane. Should mucous membrane fail to contain the spread of the germinal epithelium or matrix, then cholesteatoma will extend rapidly into every nook and cranny of the middle ear cleft.
Careful microdissection often reveals that the mesotympanum is isolated from disease in the attico-antral region by mucosal folds. One used to regard these mucosal folds as a protective reaction limiting the spread of disease: a more acceptable argument may be that the mucosal folds caused the initial ventilation failure with consequent attic retraction and cholesteatoma formation. ] Should the protective tympanic mucosal reaction fail, then there will be a diffuse pyogenic infection of the middle ear cleft with mucosal cedema, possibly osteitis and the formation of granulation tissue or a polypus. Such disease may be associated with secondary acquired cholesteatoma in the tympanum or with a cholesterol granuloma type of mucosal reaction in any shut off parts of the mastoid.
Tympanosckerosis
Fibrous tissue elements of the middle ear cleft share in the reaction to infection and in the healing response. Fibrous tissue exists normally in the mucoperiosteum and in the middle layer of the tympanic membrane. Additional fibrous or scar tissue may form during resolution of cedematous mucous membrane or granulation tissue. The healing response of this fibrous tissue is characterized by hyaline degeneration and is referred to as 'tympanosclerosis.' Hyaline is thick, white, elastic and may be laminated; it rarely becomes calcified, so that the familiar reference to 'chalk patches' is inaccurate. Within the tympanum hyaline is always covered by mucous membrane and so is easily distinguished from cholesteatoma. Since hyaline degeneration is a healing response, this tissue may safely be enclosed within a reconstructed tympanum. However, its removal may be indicated to provide access, to relieve deafness or to improve the nutrition of a graft.
Surgical Considerations
It is important that one should be clear about the significance of ventilation when planning and carrying out surgical treatment for chronic ear disease. The classical radical or modified radical mastoidectomy and tympanoplasty operations demand wide exploration with conservation of any functional remnants of the tympanum. Outside the tympanum this creates no ventilation problem since all the air cells in the mastoid are eradicated or marsupialized. However, a simple atticotomy operation may fail because no ventilation is provided between mastoid and mesotympanum.
One of the attractions about combined approach tympanoplasty is the emphasis which it places upon ventilation, both for the mastoid cavity and for the reconstructed tympanic cavity. The dissection of the facial recess (Fig 2) provides the possibility of good ventilation between the mesotympanum and the mastoid; it also provides excellent access to disease hidden in the sinus tympani. The posterior meatal wall and annulus give nice support to the fascia which forms the new drumhead and makes possible the conservation or reconstruction of an ossicular chain free of adhesions. Functionally this operation has much to commend it but it remains on trial since it is admittedly difficult to excise chronic disease and remain confident that it is safe to close the mastoid and tympanum within a normal meatal outline.
It should always be remembered that where cholesteatoma is in contact with bone and there is a secondary proteolytic infection, then osteitis with erosion of bone develops and represents the most characteristic and dangerous feature of this disease. It is a matter of experience and judgment to decide whether the excision of disease in a particular case is adequate to permit any form of closed tympanoplasty. There are still a proportion of cases with advanced disease in which I would advocate an 'old-fashioned' radical mastoid operation. This should give a safe and healed ear in which the patient can if necessary wear a hearing aid.
